The genus Piper belongs to the family Piperaceae and contains more than 2000 species which are distributed all over the world [4] . Phenylpropanoids, flavonoids, amide alkaloids, lignans, neolignans, and terpenes are common components [5] [6] [7] , with amides as one class of characteristic constituents. More than 300 amide alkaloids have been identified in plants of the Piper genus so far, and most of them exhibit potential bioactivities, such as antifungal, antiepileptic, antidepression, hepatoprotective, and antiplatelet aggregation activities [8, 9] . Piper flaviflorum C. DC., a species indigenous to Southern China, has been used as an ethnomedicine by the Dai people to treat dysmenorrhea and tinea [10] . So far several cytotoxic apiofuranosides and alkaloids have been characterized from its aerial parts [10] [11] [12] . Piper sarmentosum Roxb. is not only edible but also possesses a variety of medicinal uses, such as alleviating cough, cold, and toothache [13] . Previously several phenols, amide alkaloids, flavones, lignans, sterols, and phenylpropanoids have been isolated from the species [14] [15] [16] [17] [18] [19] [20] . In order to explore potential antifungal lead compounds from Piper spp. [5, 21] we investigated the amide alkaloids from the aerial parts of P. flaviflorum and P. sarmentosum, and their antifungal activities. This led to the isolation of 63 amide alkaloids, including three new amides (1, 2, and 4) and two new natural amides (3 and 5) . Their structures were elucidated by detailed spectroscopic analysis and single-crystal X-ray diffraction in case of 3. Most of the isolates were tested for their antifungal and antibacterial activities.
Results and Discussion
Repeated column chromatography was performed over Diaion HP20SS, Sephadex LH-20, MCI-gel CHP20P, silica gel, Rp-18, p-TLC, and p-HPLC to afford 43 (1-2, 5-8, 13, 15-40, 45-47, 52-55, 61-63) and 20 (3-4, 9-12, 14, 41-44, 48-51, 56-60) amides from the aerial parts of P. flaviflorum and P. sarmentosum, respectively. Among them, piperflaviflorine A (1), piperflaviflorine B (2), and sarmentamide D (4) are new compounds, while (1E,3S)-1-cinnamoyl-3-hydroxypyrrolidine (3) and N-[7′-(4′-methoxyphenyl)ethyl]-2-methoxybenzamide (5) were synthetically prepared previously but isolated as a natural product for the first time.
The known compounds were identified as pellitorine (6) [22] , homopellitorine (7) [16] , (2E)-decenoylpiperidide (8) [23] , 1-[(2E,4E,9E)-10-(3,4-methylenedioxyphenyl)-2,4,9-undecatrienoyl]pyrrolidine (9) [24] , (2E,6E)-sarmentosine (10) [25] , brachyamide B (11) [26] , piperyline (12) [27] , sarmentine (13) [23] , demethoxypiplartine (14) [28] , and piperolactam D (15) [29] (▶ Fig. 1) , respectively, by comparing their spectroscopic data with those reported previously in literature (for details on the identification of the known compounds 16-63, see Supporting Information).
Piperflaviflorine A (1), obtained as a white powder, has a molecular formula of C 24 [31] . Thus, the structure of 1 was established as shown in ▶ Fig. 1 and was named as piperflaviflorine A. Piperflaviflorine B (2) was isolated as a white powder. The molecular formula of 2 was determined to be C 25 and DEPT data showed 13 carbons, including eight methines, two quaternary carbons (including one aromatic carbon and one carbonyl), and three methylenes (▶ Table 2 ). The HMBC correla- .67) to C-1/C-4 (δ C 134.6)/C-5 (δ C 127.6), from H-5 (δ H 7.50) to C-7 (δ C 129.5), and from H-2 (δ H 6.65 or 6.71) to C-1/C-4, established a cinnamoyl moiety (▶ Fig. 2 ). It was noted that compound 3 showed peak splitting from some protons and carbons in its NMR spectra. This phenomenon is caused by the C-N bond rotation in the solution, which frequently occurs in compounds with an amide group [34, 35] . In the ROESY spectrum, the correlations of H-2 trans with H-1′ trans and H-2 cis with H-4′ cis , suggesting that both trans and cis forms exist in the solution (▶ Fig. 3 ). The absolute configuration of C-2′ was determined as S by single-crystal X-ray diffraction analysis (▶ Fig. 4 ). The refined Hooft parameter was 0.03 (15) for 745 Bijvoet pairs with a probability of 1.000. Therefore, compound 3 was determined to be (1E,3S)- ▶ Fig. 3 Key ROESY correlations of equilibriums of 3 and 4.
▶ Fig. 4 X-ray crystallographic structure of 3.
two aliphatic methylenes (δ C 55.6 and 55.3). The aforementioned data were similar to those of 2-hydroxybenzoic acid N-2-(4-hydroxyphenyl)ethylamide [36] , and they shared the same skeleton, except for an additional methoxy group presented in 5. The position of the additional methoxy group in 5 was revealed to be located at C-2, based on the HMBC correlations (▶ Fig. 2 ) from the additional methoxyl (δ H 3.77) to C-2 (δ C 157. Fig. 1 . In the ROESY spectrum, correlations of δ H 3.79 (MeO-4′) with δ H 6.87 (H-3′) and of δ H 3.77 (MeO-2) with δ H 6.91 (H-3) further confirmed that the substitute positions of the two methoxyl groups were located at C-4′ and C-2. Thus, the structure of compound 5 was determined as shown in ▶ Fig. 1 . Similar to 3, compound 5 was obtained as a new natural product and this was the first time to report its spectral data.
The present study led to the isolation of three new amides, piperflaviflorine A (1), piperflaviflorine B (2), and sarmentamide D (4), as well as (1E,3S)-1-cinnamoyl-3-hydroxypyrrolidine (3) and N-[7′-(4′-methoxyphenyl)ethyl]-2-methoxy-benzamide (5) that were for the first time described as natural products, along with 58 known amide alkaloids from the aerial parts of P. flaviflorum and P. sarmentosum. Table 5 . Of these, compound 7 was the most active one with an IC 50 of 4.7 µg/mL and produced a marginal minimum inhibitory concentration ▶ (MIC) of 20 µg/mL. The positive control amphotericin B (AMB) gave the IC 50 and MIC values of 0.4 and 1.25 µg/mL, respectively. This is the first time that the antifungal and antibacterial activities of these 46 amide alkaloids are reported. With regard to structural requirements for activity, the α,β-unsaturated amide moiety and the unsaturated aliphatic chain seemed to be the essential for the antifungal activity, while the 3,4-methylenedioxyphenyl and phenyl groups are not the key factors for the inhibition of fungal growth. The results of the antifungal analysis of compounds 15 and 61 suggested that the aristolactam scaffold is responsible for the antifungal activity. It is noted that the substituent and their substituted position may lead to their distinct antifungal bioactivity [37] . Open chain amides, such as 6, 7, and 8, were more active than other chemotypes. This preliminary structure-activity relationship information is a basis towards further studies of this antifungal class of compounds in the future.
Materials and Methods

General experimental procedures
IR spectra were detected on a Bruker Tensor 27 spectrometer with KBr pellets. UV data were obtained on a Shimadzu UV2401PC spectrophotometer. 1D and 2D NMR spectra were recorded on Bruker DRX-500 and AV-600 spectrometers operating at 500 and 600 MHz, respectively, for 1 H NMR spectra, and at 125 and 
Plant material
The aerial parts of P. 
Extraction and isolation
The air-dried and powdered aerial parts of P. flaviflorum The aerial part of P. sarmentosum (11 kg) was extracted with MeOH (3 × 30 L) at 60°C (8 h × 3). The solvent was evaporated under vacuum to give a residue (975 g) which was dispersed in H 2 O (1 L) and then extracted with petroleum ether (3 × 3 L). The petroleum ether extract (423 g) was subjected to MCI-gel CHP20P, silica gel, Rp-18 CC, p-TLC, and p-HPLC to give compounds 3-4, 9-12, 14, 41-44, 48-51, and 56. The aqueous portion (550 g) was subjected to Diaion HP20SS, Sephadex LH-20, MCI-gel CHP20P, and silica gel CC to yield 57-60.
For details on the isolation and purification of these compounds, see Supporting Information. The purities of these compounds were > 95 %, as determined by HPLC. X-ray crystallography of 3 (1E,3S)-1-cinnamoyl-3-hydroxypyrrolidine (3) was crystallized under room temperature from MeOH solution. Crystal data for 3: [38, 39] . M. intracellulare was tested using a modified method of Franzblau et al. [40] . All samples were serially diluted in 20 % DMSO/saline and transferred in duplicate to 96-well flat bottom microplates, with the highest test concentration at 20 µg/mL. Microbial inocula were prepared by correcting the OD630 of the microbe suspensions in incubation broth to afford final target inocula after addition to the samples. Amphotericin B (88.4 % of purity, MP Biomedicals) was used as a pure positive control (100 % of purity) by calculating its percentage. In other words, 1 mg of the sample was treated as 0.884 mg of pure amphotericin B. The detailed protocol has been described in a previous article [41] .
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Supporting information
Details on the identification of the known compounds 16-63, the isolation and purification of 1-63, 1D and 2D NMR and MS spectra for compounds 1-5, and X-ray crystal structure (CIF) for compound 3 are available as Supporting Information.
